Summary. Testes were obtained from 47 1\p=n-\20-year-old stallions during the natural breeding season. Total testicular testosterone and testosterone/g testis increased with age (P < 0\m=.\005), and total testicular testosterone was associated with larger testis size (P < 0\m=.\05). Neither testosterone per gram nor per paired testes were related to total Sertoli cell number (P > 0\m=.\05), but greater testosterone per paired testes was associated with fewer Sertoli cells per unit of seminiferous tubule length (P < 0\m=.\005) or basement membrane area (P < 0\m=.\02) and with a higher number of germ cells supported per Sertoli cell (P < 0\m=.\05).Although values for testosterone per gram and per paired testes were unrelated (P > 0\m=.\10) to sperm production/g testis or to the yield of spermatids/ spermatogonium, testosterone per paired testes was positively related to sperm production per paired testes (P < 0\m=.\05). It is concluded that intratesticular testosterone increases with age, is related in a positive manner to quantitative rates of sperm production, and can account for some of the differences in sperm production among individual stallions within a single breeding season.
Introduction
Sperm production differs markedly among normal, healthy stallions even when factors such as age or season are held constant (Amann et ai, 1979; Johnson & Neaves, 1981; Thompson, 1983; Berndtson et ai, 1983; Jones & Berndtson, 1986) . The causes of such variability are not fully understood, but seasonal (Berndtson et ai, 1983; Johnson & Thompson, 1987) and treatmentinduced alterations in testosterone secretion (Berndtson et ai, 1979; Squires et ai, 1981) have been associated with quantitative changes in spermatogenesis. Sperm production increases after puberty until at least 12 years of age (Amann et ai, 1979; Johnson & Neaves, 1981; Thompson, 1983; Jones & Berndtson, 1986) , coincident with increasing concentrations of testosterone in peripheral blood (Johnson & Thompson, 1983) . Given such findings, testicular concentrations of testosterone might contribute to age-related increases in sperm production and/or the variability in sperm production among individual stallions. However, neither the relationship of age to testicular concentrations of testosterone nor of intratesticular testosterone to sperm production of individual stallions has been reported. Also, no (Hansson et ai, 1976) (Jones & Berndtson, 1986 (Savard & Goldzieher, 1960; Lindner, 1961; Bedrak & Samuels, 1969) , was <0-01% and with dihydrotestosterone was < 10%. Samples were assayed in duplicate; inter-and intra-assay coefficients of variation were 191 and 130%, respectively. The minimal sensitivity ofthe assay was~2 ng/g tissue. Additional details ofthe assay are given by Jones (1983) .
Sperm production. Sperm production was determined by enumeration of elongated spermatids in homogenates of testicular parenchyma (Amann & Almquist, 1961) Clermont & Morgentaler (1955) , in 20 round, randomly selected tubular cross-sections at Stage I (as defined by Swierstra et al., 1974) . The resulting cell counts were corrected (Abercrombie, 1946; Berndtson, 1977) Jones & Berndtson (1986) . Additional details and discussion of the methods utilized herein for quantification of germ cell and Sertoli cell numbers, including the excellent precision of these methods, and other details ofthe larger experiment of which this was a part, are presented elsewhere (Jones & Berndtson, 1986) .
Statistical analyses. Simple linear regression analyses were used to examine the similarity of left versus right testes, within stallion, for each variable. Data for both testes, averaged or pooled within stallion, were used to examine the relationships between various parameters by both first-and second-order regression analyses. Statistical significance was judged by an F-test from an analysis of variance and by a t test for significance ofthe coefficient(s) of regression (Steel & Torrie, 1960) . When both the first-and second-order regressions were statistically significant, that with the greatest coefficient of determination (r2) was considered most descriptive. Spermatogenesis was insufficiently devel¬ oped in the two 1-year-old stallions and in four of six 1-5-year-old stallions to permit identification of Stage I semini¬ ferous tubules. Regression analyses involving histometric data (except seminiferous tubular diameter) are therefore based on 41 stallions.
Results
The similarity of left and right testicular characteristics is summarized in Table 1 . All coefficients of correlation were positive and highly significant (Table 1) ; most were large although only moderate correlations (r < 0-60) were observed for testosterone concentrations and the numbers of sperma¬ tids per spermatogonium or per gram of testis.
Testosterone per gram or per paired testes increased (P < 002, < 0005, respectively) with age ( Fig. 1) . Although there was no association between testicular weight and testosterone per gram (P > 010), both total testicular weight and testicular parenchymal weight were related (P < 005) to total testicular testosterone content (Fig. 2) (Fig. 4) and their distribution within the seminiferous tubules (Fig. 5) . Number of Sertoli cells per gram declined, to a point, as testosterone per gram (P < 005, Fig. 4 (Fig. 6 ).
Discussion
Although hormone concentrations, rates of sperm production, Sertoli cell number, germ cell: Sertoli cell ratio and other related variables have been the subject of considerable research (Savard & Goldzieher, 1960; Lindner, 1961; Bedrak & Samuels, 1969; Swierstra et ai, 1974; Berndtson et ai, 1974 Berndtson et ai, , 1979 Berndtson et ai, , 1983 Weisner & Kirkpatrick, 1975; Thompson et ai, 1977; Amann et ai, 1979; Johnson & Neaves, 1981; Squires et ai, 1981; Jones, 1983; Johnson & Thompson, 1983 , 1987 Jones & Berndtson, 1986) , only a few of these variables have been subjected to com¬ parisons between the left and right testis within individual stallions. Such information is of basic value in characterizing normal reproductive biology of the stallion. It also is of considerable Sertoli cells/1000 µ 2 Fig. 6 (Jones & Berndtson, 1986) . Therefore, most corre¬ lations in Table 1 (Fig. 3) . Moreover, testosterone per gram was unrelated to the sperm production rate. Spermatogenesis proceeds at a quantitatively normal rate in the rat provided intratesticular testosterone concentrations exceed a given threshold (Cunningham & Huckins, 1979) . The rat and stallion may be similar in that regard.
Greater sperm production in animals with higher total testosterone was accompanied by larger testes and proportionately larger numbers of all germ cells, rather than via greater efficiency of spermatogenesis, per se. This relationship is not unique to the present study (Berndtson et ai, 1983; Johnson & Thompson, 1987 (Fig. 4) and per unit of seminiferous tubular length or basement membrane area (Fig. 5) , and positively related to number of germ cells supported per Sertoli cell (Fig. 6) 
